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third factor including item 10 named "suicide" has emerged (Ross et al., 2003; Jomeen and Martin 2005; Small et al., 2007) . Unfortunately, split-loading items have not always been reported consistently in the literature.
In terms of the usefulness of the factors, Chabrol and Teissedre (2004) identified an anxiety factor which strongly correlated with the EPDS total score and was the single significant predictor of the diagnosis of postnatal depression (PND). Brouwers et al. (2001) found that an "anxiety" factor (items 3, 4, and 5) correlated significantly with the State-trait anxiety inventory. Tuohy and McVey (2008) found good correlation of this factor with the HADS-A and the Positive and Negative Affect Scales (PANAS) -Negative subscale. This anxiety factor seems to work well when screening for anxiety disorders identified with the structured clinical interview for DSM-IV (Matthey, 2008) . Touhy and McVey (2008) found significant direct correlation between items 1 and 2, a possible "anhedonia" factor, and the Negative emotions subscale of the PANAS and the HADS-A and inverse correlation with the Positive subscale of the PANAS.
There have been few attempts at examining the stability of the factor structure over the peripartum period in the same sample. Chabrol and Teissedre (2004) screened women at 2-3 days and 4-6 weeks post partum respectively, but only examined the factor structure on the first occasion, whilst Cunningham et al. (2015) reported different factor structures on admission for psychiatric treatment and before discharge in postpartum patients. Swalm et al. (2010) reported the same factor structures ante-and postpartum in a large community sample. It is worth noting, however, that their results were very different from the other Australian studies (Astbury et al., 1994; Cunningham et al., 2015; Small et al., 2007; Matthey, 2008; Phillips et al., 2009) , and appeared less than optimal.
It is of interest from an intercultural perspective that Small In summary, the factor structure of the EPDS is not entirely consistent within or across populations or cultures, but like Lee King (Lee King, 2012), we do not think this necessarily calls into question the usefulness of a factor analytic approach. However, more work needs to be done to clarify the situation.
Although exploratory factor analysis (EFA) often produces distinct factors comprised of positively and negatively worded components (Harrington, 2009 ), this approach has little utility in determining the nature of these outcomes. A presumed structure cannot be imposed on the test beyond the specification of the number of latent factors. Restrictions used in the EFA model identification preclude an analysis of error covariances. There is inconsistency between studies as regards the choice of analytic approach, many used a purely exploratory approach, some a confirmatory one, whilst A number of studies demonstrated and 16 studies also confirmed the multidimensionality of the EPDS, reporting the same factor structure as others previously. Phillips et al. (2009) conducted a CFA of a subset of published structural models as well as a model from their own EFA and found the best fit with the bifactorial structure of Brouwers, omitting the third factor (item 10). Jomeen and Martin (2005) have demonstrated the replicability of two models with CFA in an antepartum sample.
Their optimal model was Brouwers' 3-factor one with depression, anxiety, and suicidality (item 10) factors (Brouwers et al., 2001) . Lee King (2012), however, demonstrated best fit with Tuohy and McVey's (2008) three factors: depression, anxiety, and anhedonia. Cunningham et al. (2015) , in postpartum patients who were admitted to psychiatric ward, found the same factor structure as Lau et al. (2010) in China. Table 1 presents all published PCA/EFA and CFA analyses based on theoretical considerations or on the factors identified with an exploratory approach. In our own validation studies (Töreki et al., 2013; Töreki et al., 2014) , we could only identify a clinically meaningful factor structure in the postpartum (but not the antepartum) sample.
In the study reported in this paper, we expected to replicate our previous findings in a much larger sample collected using the same inclusion criteria. When a measurement instrument is used across multiple populations, it is assumed that the instrument is assessing the same construct(s) on the same metric (scale). Similarly, when an instrument is used in a single population on more than one occasion, it is assumed that the scale is assessing the same construct(s) on the same metric at each time, known as measurement invariance (Widaman et al., 2010) . There can be various reasons for not finding measurement invariance, including a true lack of measurement invariance as well as methodological shortcomings.
We also wanted to examine how the above described factor structures previously reported in the literature would fit with our own data.
Accruing evidence suggests that anhedonia defines a dimension in depressive disorder that seems to be different from a dimension encompassing mood and somatic symptoms. The first appears to be associated with the underfunctioning of dopaminergic neurons, whilst the other seems to be related to a similar under-functioning in the serotonin system (Argyropoulos et al., 2013) . These dimensions may occur simultaneously, but may also be present separately. Studies on the neurobiology of other emotions, e.g. anxiety (Goodwin et al., 2015) and guilt (McIatchie et al., 2016) , are also beginning to identify brain areas and networks implicated, also suggesting that certain items of rating scales tapping into these symptoms may form a separate factor.
Hopelessness and suicidality seemed to be linked to impulsivity (Wang et al., 2015) , which appears to have its separate neurobiological underpinnings. If a factor structure really carves nature at its joints (i.e. identifies factors within the EPDS that can be related to neural mechanisms presumably linked to the illness), it should be reproducible in other samples, assuming that the compared samples have the same illness. Therefore, in this paper, incorporating recent insight from neurobiology as well as the behaviour of items of the EPDS in previous studies, we also propose a new, theory-driven method of identifying factor structures, demonstrated through our own data, in order to achieve better model fit that would enable further studies to examine measurement invariance with more precision.
Methods

Study design
This study used a cross-sectional design with a model comparison approach.
Between 1 April 2011 and 28 January 2015, a sample of 2,967 women during pregnancy (between 12th and 30th weeks of gestation) and 714 women at 6 weeks postpartum completed the Hungarian version of the EPDS at the Department of Obstetrics and Gynaecology, University of Szeged, Hungary and 31 pregnancy care units in South-East
Hungary. Only an acceptable proportion refused to participate (15% antepartum and 25% postpartum). Inclusion criteria were fluency in spoken and written Hungarian and signed informed consent. There was no exclusion due to psychiatric conditions other than peripartum depression in the context of organic causes and epilepsy, respectively, or illiteracy.
We established the factor structure of the EPDS in our sample and examined with CFA the fit onto our data of all previously published models (including those from our own validation studies) in a peripartum context available to us, as well as the models derived from our current screening sample. We also tested theory-driven models based on the literature and on neurobiological insight as to which questions should be expected to belong to the same underlying factor. We created our theory-driven models (TDM) with "anhedonia" (F1: 1, 2) the previously described "anxiety" (F2: 3, 4, 5) factor, combined with either "low mood" (F4: 8, 9; TDM 1) or "hopelessness" (F3: 6, 10; TDM 2), or both (TDM 3). From a phenomenological perspective, we found the inclusion of item 3 (guilt) in the anxiety factor counter-intuitive and, in a theory-driven fashion, we postulated a model with "anhedonia" (items 1 and 2), "anxiety" (items 4 and 5), "low mood" (items 8 and 9), and a fourth, "suicidal risk" factor (guilt, helplessness, and self-harm thoughtsitems 3, 6, and 10, respectively; TDM 4). Next, we removed the fourth (and phenomenologically least homogenous) factor and created a three-factor model with "anhedonia" (items 1 and 2), "anxiety" (items 4 and 5), and "low mood" (items 8 and 9;
TDM 5). Finally, we also created a model by replacing the low mood factor with the "suicidal risk" factor (items 3, 6 and 10) (TDM 6).
The study protocol was approved by the Clinical Research Ethics Committee of the University of Szeged (Protocol 89/2011) and the study was carried out according to the principles of the Declaration of Helsinki.
Statistical analysis
The underlying dimensions of the scale were examined with exploratory factor (Table 1) ; items (including cross-loading ones) that loaded ≥0.40 on a factor were included in the CFA.
The metric of the factors in all models was defined by fixing the factor variable variances to 1.0. Factors were allowed to intercorrelate as would be expected of the relationship between them (anhedonia, anxiety, and depression), given models of depression (e.g., the tripartite model of depression in Mineka et al. (Mineka et al., 1998) and Watson (Watson, 2005) and the literature on the presentation of postpartum depression (e.g., Pitt (Pitt, 1968) ). Error variances of the items/indicators were assumed to be uncorrelated. Factor loadings and error variances were freely estimated.
Two goodness-of-fit indicators, including including chi-square statistic (χ 2 ), the root mean square error of approximation (RMSEA), comparative fit index (CFI), were selected for reporting the analysis outcomes. The χ 2 statistic is a traditional measure of overall model fit, with a non-significant chi-square suggesting good fit. (Muthén and Muthén, 2012) . EPDS total score and factor means were compared with two-sample t-test. Differences were considered significant if the twotailed p value was less than 0.05.
Results
Sample demographics
The ante-and postpartum samples were similar in terms of age ( Table 2 ). The overwhelming majority were married or lived with a partner in both samples. Primiparity and having an unplanned pregnancy were similarly prevalent in both groups. As expected, women in the puerperium had more children than their counterparts during pregnancy.
Distribution of the EPDS scores and their reliability
The distribution of the EPDS scores in the ante-and postpartum samples did not show a significant difference. The participants' EPDS scores ranged from 0 to 23 with a mean score of 3.50 (standard deviation (S.D.): 3.19) during pregnancy. Of the 2,967 screened pregnant women, 14.36% had scores above 6, indicating combined depression, while 6.6% screened positive for likely major depression with a score of 9 or higher (Töreki et al., 2013) . In the postpartum sample, the EPDS total scores varied between 0 and 25 (mean: 3.49, S.D.:3.38) and 16.1% screened positive (over 7 points) for combined and 4.2% (over 12 points) for major depression (Töreki et al., 2014) .
In the antepartum sample, the EPDS showed good internal consistency (Cronbach α=0.758). The α coefficient for each item was at least 0.718, indicating acceptable homogeneity. In the postpartum sample, the EPDS showed good internal consistency (Cronbach α=0.817). The α coefficient for each item was at least 0.785, indicating good homogeneity (McKennell, 1970).
EFAs of the EPDS in our ante-and postpartum sample
An EFA with oblique rotation revealed one latent factor in the antepartum period (Table 3 ). Factor 1 included items 1-9, which explained 35.7% of the variance and the Cronbach alpha for Factor 1 was 0.787.
In the postpartum period, the EFA with oblique rotation on the 10 items of the EPDS revealed one latent factor. Factor 1 included questions 2-9, which explained 39.9% of the variance and Cronbach alpha for Factor 1 was 0.809.
CFAs in our own screening samples, using the factor structures identified with EFA
CFAs of the EFA models of our samples did not produce convincing results in neither the ante-, nor the postpartum sample. The RMSEA values were less favourable than for other studied model structures both in the antepartum and in the postpartum samples (Table 4 ).
CFAs in our screening samples, using other models from the literature as well as our own theory-driven models
We then ran CFAs using all the models published in previous antepartum and postpartum studies as well as our theory-driven models in both our ante-and postpartum samples ( Table 4 ).
Fit indices were significant for almost all model variants both ante-and postpartum. In our antepartum sample, 39 models -including all of our theory-driven models -showed good, and 6 acceptable fit on the basis of RMSEA values. 4 models did not fit the data. The model with the lowest AIC value was that of Matthey (2008) , which only included the "anxiety" factor (items 3, 4, 5). The second lowest AIC value was produced by our Theory-driven model 5 (TDM 5), with an RMSEA value suggesting good fit. Correlations between the factors in this model ranged 0.331-0.392. The
Cronbach alfa for the anhedonia factor was 0.628, for anxiety 0.612 and for low mood 0.67. Moving towards models with increasingly higher AIC values, the next one that had a good RMSEA value was our TDM 2, followed by our TDM 6.
As regards testing the models in our postpartum sample, 13 of the models (including 3 of our own theory-driven models) showed good fit, 31 models (including 3 of our theory-driven models) showed acceptable fit on the basis of RMSEA values. 5 models did not fit the data. Again, the model with the lowest AIC value was that of Brouwers et al (2001) , followed by that Matthey (2008) . Our best performing theorydriven model (TDM 6) had a higher AIC value than the before mentioned, but its RMSEA was slightly better than that of the Brouwers et al. (2001) model. Correlations between the factors in TDM 6 ranged 0.320-0.498. The Cronbach alfa for the anhedonia factor was 0.594, for anxiety 0.667, and for suicidal risk 0.409. The third best model was our TDM 5, which in fact had better Cronbach alfa values than TDM 6 (anhedonia: 0.594, anxiety: 0.667, low mood: 0.691).
Discussion
In this study, we first endeavoured to examine if in larger, unselected antepartum and postpartum samples from the same population we would find the same factor structures with the EPDS as in our earlier validation studies (Töreki et al., 2013; Töreki et al., 2014) . We found that this was not the case in either case. Second, using CFA, we looked at how well previously published factor models fitted our data and found that, with the exception of but a handful of studies, they did not fit the data particularly well or much better (especially in the postpartum sample) than our own EFA factor structures did. Third, we created a number of models in a theory-driven fashion, building on our own experience and that of previous authors with exploratory approaches as well as taking into consideration the phenomenology and neurobiology of depression, and with our best model we found extremely good fit with our antepartum data and acceptable (but better than any previously published) fit with our postpartum data.
The stability of the factor structure between our validation and screening samples
To our knowledge, we were the first to conduct a factor analysis in a validation sample, followed by another factor analysis on a larger sample from the same population.
During the antepartum validation of the EPDS (n=219), a PCA produced three factors that were hard to interpret (Töreki et al., 2013) . Using our larger sample (n=2,967), an EFA suggested unidimensionality, but the factor still did not explain much of the variance, nor did it appear to be psychiatrically particularly meaningful. In our postpartum validation study (n=266) (Töreki et al., 2014), a PCA provided factors with better interpretability, however, this was not replicated in our larger sample (N=714).
In our larger ante-and postpartum samples, we expected to find the same or at least similar factor structures as in our validation studies, and the rather different results were surprising. One possible explanation is that our validation studies used relatively small samples and the factor structures in our larger samples might be more reliable, Factor analytic studies so far have used PCA/EFA or CFA, or they also used CFA to check the validity of their factors identified with PCA/EFA, and reported more or less acceptable results. The finding that, using CFA, we could not confirm our factors identified with EFA in our ante-and postpartum samples was unexpected.
Other studies conducted in the same culture also found discordant findings 
The stability of the factor structure within and between different cultures: cross-cultural invariance?
Apart from items 3-5 and 1 and 2 tending to be on the same factor, respectively, alone or together with other items, the reported factor structures seem to be diverse. It is of note, however, that the studies tested women at different stages in the peripartum period and used different factor analytic techniques. Although there were several studies from the UK, France, or the Netherlands, respectively, the factor structures could not be meaningfully compared due to the previously mentioned differences (see subsection 4.1).
We were able to find two cultures where the studies had been done at comparable stages of the peripartum period and used similar statistical methodology; in Australia two such studies reported different factor structures, suggesting little invariance even within the same culture, whereas in Hungary the two validation studies reported fairly similar factor structures, indicating at least some degree of invariance within the same culture.
As regards invariance between cultures, out of the 48 factor structures reported in the literature, only seven were identified by more than one studies ( factor in many of the reported studies points towards some degree of cross-cultural invariance.
To our knowledge, ours is the first study ever to have evaluated the underlying structure of the EPDS using a CFA model comparison approach examining all factor models from the literature in purposive community samples.
The literature-derived models with the best AIC values generally had poorer RMSEA values than our theory-driven models did. AIC and RMSEA values often but not always indicate the same model as the best one. Some of our findings in both the anteand the postpartum sample may be explained by the fact that AIC penalizes models with less parsimony. Also, the EPDS is a brief instrument covering symptoms with one or a maximum of two items and not covering certain symptoms of depression at all, which may also explain some unexpected correlations between items.
It is of note that our theory-driven models produced the best fit in the antepartum sample in terms of their AIC and RMSEA values.
Theory-driven models
We found that in our antepartum screening sample, our best theory-driven model showed better overall fit with the data than any other model previously reported in the literature, including that derived from our own antepartum validation study. This anhedoniaanxietylow mood factor structure is phenomenologically more intuitive and provided better fit with the data than any other theory-driven combination.
In our postpartum screening sample, AIC values indicated the literature-derived 
Methodological considerations
Although the original intention (Cox et al., 1987) was to measure one construct (depression), not detecting any factors would be somewhat unexpected, as some questions, at least on the face of it, appear to be more related (e.g. those about anxiety).
Exploratory techniques, of course, have their own weaknesses; they examine correlations between all the items included in the analysis, along a latent factor present in the studied sample, without the ability to critically handle cross-loading, i.e. interpret correlations.
However, often items can be grouped together in an a priori fashion according to theoretical considerations and these factors can be examined with CFA. Coates et al.
(2017) created 4 models, also in a theory-driven fashion, but these models performed less well in our sample than our own models did.
We propose a new methodological approach whereby in factor analytic studies of the EPDS (or indeed other psychometric instruments) empirical findings from exploratory approaches are triangulated with our understanding of possible underlying neurobiological systems and taken into consideration when building theoretically-driven models that can then be tested with a confirmatory approach, as opposed to the relentless replication of exploratory solutions with a poor fit. We also suggest for further studies doing multi-group CFAs, e.g. according to (depression) diagnosis status. Incidentally, theory-driven models could also be used in cross-cultural replicability studies.
Strengths
We report here on one of the largest sample so far. Our study is also unique in that we used CFA to confirm in a larger sample collected from the same population the factor structure identified by ourselves in our validation study. The previous replicability study only checked previously published models but not their own previous models (Lee King, 2012). We had separate ante-and postpartum samples and analysed them separately.
In summary, the available evidence shows significant heterogeneity in the factor structure of the EPDS within and across cultures. We found different factor structures ante-and postpartum in our larger screening samples compared to the ones identified in our validation samples, and CFAs showed poor fit indices with these new models. Some of the models previously published in the literature did well in CFAs in our screening samples, but we got the best fit indices overall with newly generated, theory-driven models based on previous experience with exploratory approaches and phenomenological considerations, namely an anhedoniaanxietylow mood model.
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